Aims: Complexity of care in patients with coronary artery disease is increasing, due to ageing, improved treatment, and more specialised care. Patients receive care from various healthcare providers in many settings. Still, few studies have evaluated continuity of care across primary and secondary care levels for patients after percutaneous coronary intervention (PCI). This study aimed to determine multifaceted aspects of continuity of care and associations with socio-demographic characteristics, self-reported health, clinical characteristics and follow-up services for patients after PCI. Methods: This multi-centre prospective cohort study collected data at baseline and two-month follow-up from medical records, national registries and patient self-reports. Univariable and hierarchical regressions were performed using the Heart Continuity of Care Questionnaire total score as the dependent variable. Results: In total, 1695 patients were included at baseline, and 1318 (78%) completed the two-month follow-up. Patients stated not being adequately informed about lifestyle changes, medication and follow-up care. Those experiencing poorer health status after PCI scored significantly worse on continuity of care. Patients with STsegment elevation myocardial infarction scored significantly better on informational and management continuity than those with other cardiac diagnoses. The regression analyses showed significantly better continuity (P ≤ 0.034) in patients who were male, received written information from hospital, were transferred to another hospital before discharge, received follow-up from their general practitioner or had sufficient consultation time after discharge from hospital. Conclusion: Risk factors for sub-optimal continuity were identified. These factors are important to patients, healthcare providers and policy makers. Action should be taken to educate patients, reconcile discharge plans and organise post-discharge services. Designing pathways with an interdisciplinary approach and shared responsibility between healthcare settings is recommended.
Background
Modern cardiology has seen significant advancement in percutaneous coronary intervention (PCI) techniques and technology [1] . This ultimately means that more people survive, and patients have shorter hospital stays and return sooner to the community. In patients after PCI secondary prevention strategies such as risk factor management, lifestyle changes and pharmacological optimization are highly recommended [2] . As a result, hospital discharge is a critical moment for therapeutic recommendation and planning for secondary prevention and follow-up visits [1] [2] [3] . An extensive amount of information must be shared between healthcare settings which is a great challenge when taking care of the patients after PCI. This information includes medical history, diagnostics, laboratory, medication reconciliation and risk stratification [4] . Despite this fact, few studies have evaluated continuity of care across primary and secondary care levels for patients after PCI [5] .
Continuity of care has been garnering more attention in recent years [6] especially after Haggerty et. al's [7] synthesis to develop a common understanding of the concept. The framework classifies continuity according to three domains: informationalthe use of information on past events and personal circumstances to make current care appropriate for each individual, relationalan ongoing therapeutic relationship between a patient and one or more providers, and managementa consistent and coherent approach to the management of a health condition that is responsive to the patient's changing needs [7] . In a systematic review, instruments measuring continuity of care were identified and the Heart Continuity of Care Questionnaire (HCCQ) was recommended for cardiac patients [8] .
The association between continuity of care and patientreported outcomes has been studied, but very few studies have scrutinised continuity of care from a multiple component perspective [6, 9, 10] . Cross-sectional studies analysing perceptions of the three domains of continuity between primary and secondary care found that healthcare area, age, educational level and comorbidity were related to overall perceptions of continuity of care [9, 10] . Some studies suggested differences related to age and educational levelthe elderly population was more likely to perceive better continuity of care, whilst higher education was significantly associated with worse ratings [6, 10] . Additionally, there is some evidence that continuity of care is more important for patients with complex needs, and that patients with poor self-rated health are more critical to the care they receive [6, 11] . However, the influence of socio-demographic level, health status or gender is inconclusive in the different domains of continuity of care, and the significance of continuity of care attributed by specific patient groups varies [10] .
General practitioners (GP) are the main coordinators of patients' care in the community and assist patients through their transition from hospital to home [12] . Repeated contact with a single healthcare provider is linked with stronger relationships, better information transfer and more consistent management [6, 12] . Unfortunately, factors influencing continuity of care are not extensively studied for patients after PCI [3, 5, 13] . The aim of this study was therefore to determine multifaceted aspects of continuity of care and their associations with socio-demographic characteristics, self-reported health, clinical characteristics and follow-up services for patients after PCI.
Methods

Design and study population
The study, which is part of the prospective multicentre register-based CONCARD PCI study [14] , included patients from three centres from June 2017 throughout December 2018. Inclusion criteria were patients undergoing PCI, ≥18 years, and living at home at the time of inclusion. Exclusion criteria were not speaking Norwegian or unable to fill out the questionnaires due to reduced capacity, institutionalised patients and patients with an expected lifetime of less than 1 year. Additionally, patients undergoing PCI without stent implantation or undergoing PCI related to transcatheter aortic valve implantation or MitraClip were excluded, as were readmitted patients previously included in CONCARD PCI .
Measurement
Socio-demographic and clinical characteristics
Socio-demographic characteristics included age, gender, cohabitation status, work status, educational level, duration of hospital stay, CR participation (planned, ongoing or completed) and follow-up with the GP. Disease-related outcomes included cardiac diagnosis, complications at hospital, clinical pathway (acute, subacute and planned), prior PCI, prior cardiac surgery, NYHA classification and comorbidity.
The heart continuity of care questionnaire (HCCQ)
The HCCQ is a 33-item self-report instrument used to assess three domains of perceived continuity, including informational (17 items), relational (10 items) and management (6 items) subscales, corresponding to the continuity of care model of Haggerty et al. [7] . From the patient perspective, the instrument covers major topics in cardiac care: heart condition explained, communication among healthcare providers, preparation for discharge, post-hospital care, post-hospital review of treatment, consistent information, information on medication, and knowledge on physical and dietary needs. Items were rated on a five-point.
Likert scale from 1 (strongly disagree) to 5 (strongly agree), with an additional category for "not applicable". The half rule was used for missing data, i.e. using the mean of the answered items in the subscale, if at least half of that subscale was answered [15] . The HCCQ is a comprehensive, valid and reliable instrument for patients with congestive heart failure, atrial fibrillation and acute coronary syndrome [5, 13] . Recent psychometric testing showed that the instrument was satisfactory in the Norwegian context for patients after PCI [16] .
The quality of life questionnaire abbreviated WHOQOL-BREF WHOQOL-BREF includes a global measure of overall quality of life (QOL) and is applied in this study as the question "How would you rate your QOL?" WHO defines QOL as "individuals' perception of their position in life in the context of the culture and value systems in which they live, and in relation to their goals, expectations, standards and concerns". The item was rated on a five-point Likert scale from 1 (very poor) to 5 (very good). The instrument has acceptable psychometric properties in the Norwegian population [17, 18] .
RAND 12-item short form health survey (RAND-12)
The 12-item generic self-report instrument was developed to reproduce the physical and mental component summary scores of the RAND-36 [19] . The RAND-12 has three to five response levels, with higher scores reflecting better self-reported health. Summary scores are standardised to a mean of 50 and a standard deviation of 10. The RAND-12 is a valid and reliable instrument when used in the Norwegian population [19, 20] .
The myocardial infarction dimensional assessment scale (MIDAS)
The 35 items in MIDAS measure seven areas of health status and daily life change for patients with myocardial infarction. The self-report instrument covers seven topic areas: physical activity (12 items), insecurity (9 items), emotional reaction (4 items), dependency (3 items), concerns over medication (2 items) and side effects (2 items). Items were rated on a five-point Likert scale from 1 (never) to 5 (always). Each subscale is transformed from 0 to 100, with higher scores indicating a poorer health status. MIDAS appears to be a valid and reliable instrument showing trustworthy Cronbach's alpha values (0.74-0.95) [21] , and there is ongoing validation work in the Norwegian context to be published elsewhere.
Data collection
All patients undergoing PCI at three large centres in Norway were prospectively screened for eligibility and included in the cohort study. Screening was performed in the hospital setting by the site coordinator and trained CONCARD PCI study nurses. Daily admission records and operating programmes were reviewed to identify potentially eligible patients. Data on the included patients were collected from the patients' paper and pencil selfreport and from the Norwegian Registry for Invasive Cardiology (NORIC). Baseline self-reports were obtained after PCI, but before discharge from hospital. The selfadministered instruments were then distributed by postal mail at the two-month follow-up. This time interval was chosen to ensure time for follow-up care so that the patients could provide an adequate evaluation of early post-discharge continuity of care. Two patient representatives with a history of coronary artery disease (CAD), and who were trained to be patient representatives both in healthcare and research settings, provided input to CONCARD PCI [14] .
Data analysis
A descriptive analysis was conducted of the patients' experiences of continuity of care, socio-demographic characteristics, self-reported health, clinical characteristics and follow-up services for patients after PCI. Item means, standard deviation and missing rates were calculated for the HCCQ. For comparisons between groups by socio-demographic and clinical characteristics, unpaired t-test and ANOVA were used for continuous variables and a chi-squared test for discrete variables. A paired t-test for RAND-12 scores and an exact marginal homogeneity test for WHOQOL-BREF were used to analyse the difference between scores at baseline and two-month follow-up. A post-hoc test was conducted using Tukey. Pearson correlations were used for continuous variables, while Spearman correlations were used for ordinal variables as appropriate. A strong correlation was operationally defined as r > 0.70, moderate to substantial as 0.30-0.70 and weak as < 0.30, in absolute value [22] . Hierarchical linear regression analysis was performed to determine the relationship between continuity of care as the dependent variable and individual factors, health-related factors and healthservice factors. A multivariate Wald test was used for multi-part categorical explanatory variables for calculating the overall P-value. Multiple imputation, with 200 imputed data sets, was used to estimate the regression models [23] . The variance inflation factor (VIF) was used to assess multicollinearity between predictors in complete case analyses, with VIF greater than 10 regarded as an indication of substantial multicollinearity. Based on VIF, the variable "sufficient time in consultations with GP", showed substantial multicollinearity and the three first categories were merged in the regression analysis, resulting in VIF ≤ 6.15 in all regression analyses. To assess the goodness of fit R-squared (R 2 ) were calculated. Statistical software SPSS (IBM Corp. Released 2016. IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY: IBM Corp.) was used for most analyses. For the hierarchical regression analyses, R (The R Foundation for Statistical Computing, Vienna Austria) was used, with VIF calculations using the function ols_vif_tol in the R package R package olsrr, and multiple imputation using the R package mice, with the mice function D1 used for Wald tests.
Results
Socio-demographic and clinical characteristics
In total, 1695 patients were included at baseline and of those, 1318 (78%) completed the two-month follow-up. In Fig. 1 , a flowchart presents the overall number of patients. Socio-demographic, clinical characteristics and patientreported variables of patients after PCI are presented in Table 1 . More than three quarters of patients were men and the mean age was 66 years. About one-fifth was diagnosed with ST-segment elevation myocardial infarction (STEMI) and more than three-quarters of the patients were discharged directly to their homes.
Self-reported health and quality of life
A paired sample t-test showed that patients rated their QOL (measured with WHOQOL-BREF) worse after the two-month follow-up (mean difference = 0.19, P < 0.001). However, patients rated their general self-reported health (measured with RAND-12) better after the two-month follow-up in terms of both the mental component (mean difference = 1.56, P < 0.001) and physical component (mean difference = 2.15, P < 0.001). The disease-specific instrument (MIDAS) that measures health status and daily life changes showed a total score with mean 25.42 (SD = 15.78) at two-month follow-up. Patients scored less favourable on concerns of side effects and medication, physical activity, emotional reaction ( Table 2) .
Continuity of care
Descriptive statistics of the 33 items of the HCCQ are presented in Table 3 . Several items represent an area of concern, with a mean below 3.75 or a substantial proportion of patients rated 1 or 2, indicating negative care experiences [13] . For instance, 61% of the patients stated that they were not adequately informed about what to do if they experienced side effects and about 37% were not adequately informed about who to contact in the event of problems after discharge. Similarly, about 54% of patients reported that their physician had not adequately reviewed their treatment plan following discharge. The total mean of the HCCQ and gender differences are shown in Fig. 2 . The red striped line shows the cut-off value, with scores below 3.75 indicating negative care experiences [13] . The total mean score for information continuity was 3.33 (SD = 0.91), for relational continuity 3.72 (SD = 0.87), and for management continuity 2.57 (SD = 1.28).
Factors associated with perceived continuity of care Table 4 presents group statistics and correlations between HCCQ domains and individual factors, healthrelated factors and healthservice factors. As shown, females were more likely to report appreciably worse on continuity of care in all continuity domains. Those cohabiting scored substantially better on information and relational continuity. Moreover, patients who received written patient information from hospital and who participated in CR scored significantly better in all continuity domains. Patients with an acute clinical pathway scored significantly better on the three continuity of care domains than planned pathways. STEMI patients scored significantly better on informational and management continuity of care than Non-ST-segment elevation myocardial infarction (NSTEMI), stabile coronary syndrome and unstable angina patients (P ≤ 0.011). Moreover, STEMI patients scored better on relational continuity than stable coronary diseases (P = 0.006). Table 4 shows a weak negative correlation between informational and management continuity and age (r = 0.063, r = 0.090). There were also weak to moderate positive correlations between continuity of care and duration of hospital stay (r = 0.061-0.166) and sufficient time in consultation with GP (r = 0.191-0.364). Moreover, a weak positive correlation existed between continuity of care and a global measure of overall QOL (r = 0.114-0.234), generic selfreport health (r = 0.065-0.211) and disease-specific health status (r = 0.073-0.255). The hierarchical linear regression analysis for perceptions of total continuity of cardiac care at two-month follow-up is reported in Table 5 . The analyses utilized all available information for the 1267 patients with complete scores on the total HCCQ score. There were 
Discussion
This study shows that patients after PCI report challenges concerning seamless flow of information and effective communication between hospital and community settings. Moreover, socio-demographic and clinical characteristics, such as gender, cardiac diagnosis, follow-up with GP and CR, influenced certain domains of continuity.
Patient perception of continuity of care
Acute hospitalisation for CAD represents a significant event in a patient's life [24] . According to an item analysis of the HCCQ, patients were not adequately informed about what symptoms to expect and the influence on lifestyle. Nor were they adequately informed about potential medication side effects and what to do in the event of side effects. Patients also lacked sufficient information about physical activity and dietary advice. The European Society of Cardiology guidelines recommend implementing strategies for prevention, including lifestyle changes, risk factor management and pharmacological optimisation before hospital discharge to lower the risk of mortality and morbidity [2] . Teaching is an essential component of information continuity and recommendations for improving teaching emphasise a patient-centred approach in which the content and method of teaching are individualised, rather than the more typical approach of distributing standardised information based on diagnosis [25] . In addition to medical treatment, patients need to know what is wrong or how to stay well, what is likely to happen and how the cardiac diseases will affect them, in a language they understand [26] . However, most patients do not receive treatment according to standard guidelines for secondary prevention [4, 27] . The short hospital stay that is common in modern cardiac care makes it difficult to conduct inpatient education and training [3] . In the current study, more than half of the patients stayed at hospital for 3 days or less. As a result, integration and designed pathways between acute care and follow-up in the community are essential to ensuring that care is connected and coherent [4, 7] . There were patients who felt that healthcare providers did not communicate well with each other when planning the hospital discharge. Creating explicit management plans to ensure consistency during treatment is a recurrent theme in management continuity and depends on the receipt of informative discharge summaries from medical specialists [7] . However, previous research indicates a need for more effective communication, collaboration and teamwork [4, 9, [28] [29] [30] . Instead, each discipline and type of organisation tends to defend its Scores range from 1 to 5 with higher scores denoting more positive continuity experiences. Items in bold represents an area of concern (mean less than 3.75).
Patients had the option to choose "not applicable", for example a patient who did not receive services following discharge would choose this category. This category is not included in the denominator in the computation of percentages Strongly or somewhat disagree authority at the expense of the overall healthcare system a problem known as sub-optimisation [26] . Suggestions to achieve better integration between healthcare settings include clarifying responsibility and improving the implementation of technology, such as computer links and e-mails [3, 31] . Relational continuity between patients and healthcare providers is highly valued in primary care [32] . The HCCQ does not measure the strength of interpersonal relationships with healthcare providers and focuses on contact with the GP. Nevertheless, team-based care delivery, such as assigning GPs and nurses as key persons, is suggested to improve integration and provide longterm follow-up [33] . Communication knowledge and skills make this possible, and a positive interaction enhances patients' ability to cope with illness and adhere to recommended lifestyle changes [4] . Patients in this study reported that their GPs were not adequately involved in their care and not all patients knew which healthcare provider to contact if problems arose postdischarge. In this respect, it seems important to understand potential threats to patient-healthcare communication as system barriers to adequate healthcare.
Individual factors associated with perceived continuity of care
With regard to individual factors, older patients reported worse on continuity of care.
Older patients tend to be more vulnerable in the context of acute care and need extra professional help to navigate in a complex healthcare system [5, 9] . The environment and the routines in the hospital might be overwhelming and the transition out of the hospital stressful [34] . Patients living alone scored worse on informational and relational continuity of care. One explanation for this is that family members and significant others may have an impact on patients' experience by helping them to remember medical information and follow-up treatment regimens [5] .
This study found that female patients scored significantly worse on continuity than their male counterparts in all domains. The evidence of the influence of gender is inconclusive and varies between countries and diagnoses [9] . However, female patients reported fewer positive experiences in hospital care, particularly with respect to communication about medicines and discharge information [35] . Females have been at a higher risk of adverse cardiac events after PCI, compared with males. In addition, women are less likely to be referred for revascularisation for CAD and receive fewer guidelinerecommended therapies [36, 37] . On the basis of these findings, healthcare providers should pay more attention to female patients in clinical practice to ensure continuity of care.
Health-related factors associated with perceived continuity of care
Patients rated their QOL worse 2 months after discharge, and there was a correlation between QOL and all continuity of care domains. A possible explanation is that the majority of patients after PCI feel that they are back to normal soon after the treatment, leading them to view their illness as an acute event cured by the treatment, rather than an acute marker for a long-term condition [38] .
MIDAS encompasses health and lifestyle changes specifically relevant to patients with CAD. Patients reported physical complaints, as well as concerns over medication and side effects. Patients who experienced greater continuity of care felt healthier and had fewer symptoms. This is plausible because patients with worse health status will likely interact more frequently with the healthcare system [5, 6, 12, 39] . This suggests that healthcare providers need to be more attuned to the patients' perceptions of the consequences of their cardiac disease and their need for more intensive integration [5] . This study shows that patients with comorbidity scored worse on informational continuity of care than those with just one health condition. Patients with more complex cardiac diseases may interact more frequently with the healthcare system and are likely to be particularly vulnerable to breaks in continuity of care. This is typically when patients are being passed between healthcare providers who do not communicate with each other [6, 9, 29] . On the other hand, the study found no indications that patients with complications after PCI scored less on continuity of care. The use of stents and aggressive antiplatelet therapy have led to a decreasing risk of major acute complications of PCI [1] .
Health service factors associated with perceived continuity of care
Clinical pathways and urgency levels differ based on the different clinical manifestations of CAD, and on whether procedures are performed in either emergent, planned or rescue situations [40] . The current study shows that patients with STEMI scored significantly better on informational and management continuity than those with other cardiac diagnoses. One explanation is related to the speed of treatment delivery, and was confirmed by the fact that those experiencing acute clinical pathways score better on continuity of care. Primary PCI is the first-line treatment for patients with STEMI, and centres providing primary PCI services maintain an infrastructure that enables them to perform at high standards of safety and efficacy. In contrast, patients with non-STEMI or unstable angina who are clinically unstable have an angiography (followed by PCI if indicated) within 24 h of becoming clinically unstable. This means that patients must wait at their local hospital before being transported to the PCI centre. These patients therefore experience more complex clinical pathways and are discharged sooner from hospital as compared to STEMI patients [41] . This is also consistent with the finding that patients who stayed in hospital for a longer period or were transported to another hospital before discharge experienced greater continuity of care. This gives healthcare providers more time when organising patient care as compared to patients with other CAD diagnoses.
A previous study found that one of the most consistently associated organisational factors was the consistency of healthcare providers [9] . However, the current study shows that 13% had not visited their GP 2 months post-discharge and scored significantly worse in all continuity of care domains. Moreover, 16% of the patients had their first consultation post-discharge with a locum tenens physician/junior physician rather than their own GP. These patients also scored significantly worse in all domains of continuity of care. Consulting more than one GP can initiate disorganised treatment plans or mean that patients are given different recommendations to follow [42] . Patients living in rural areas have limited local access to healthcare systems in their community, and many Norwegian municipalities are small and lack sufficient resources and competence [43] . Another important aspect identified was that not having enough consultation time with the GP post-discharge showed a negative correlation with all continuity domains. In today's healthcare system, consultations are often delayed or rushed [26] . However, with increased emphasis on value and efficiency in healthcare delivery, sufficient time for conversation between healthcare providers and patients is an increasingly valuable resource.
Patients after PCI are recommended to participate in CR to improve patient outcomes [1, 4] . The CR enrolment process is dependent on patients being informed about CR by a healthcare provider, and the referred patient must then attend an intake assessment and can ultimately participate in the programme. A recent Norwegian study reported a participation rate varying from 20 to 31% among four regional health authorities [44] . In this study, 42% responded positively to the question on CR (planned, ongoing or completed). Patients who engaged in CR had better scores in continuity of care. When patients were asked why they were not participating, 49% had not been offered CR. The reasons for poor referral and participation are complex and multifactorial, and certain groups such as the elderly and females are shown to be less likely to participate [45] . Moreover, research indicates regional differences in CR participation, which is due to both lower availability of CR and longer travelling distances to locations offering these programmes [4, 44] . However, automated referral systems and patient education given by GPs and other healthcare providers regarding the benefits of CR are the most effective strategies for improving participation rates Acute clinical pathway scored significantly better than planned on the three continuity of care domains (P < 0.005) and acute clinical pathway scored significantly better than acute and sub-acute on management continuity of care (P < 0.002) c Patients who had not visited their GP scored significantly worse than those who saw their GP before 4 weeks or within 4-8 weeks (P < 0.001) Table 5 Hierarchical linear regression analysis with predictors associated with perceptions of continuity of care at the two-month follow-up (n = 1267) [4] . The use of modern technologies also offers interesting prospects for CR delivery [31] .
Methodological issues
Bias originates in the design stage of the study, such as in sample selection, or in data collection or analysis. However, CONCARD PCI [14] has prioritized good planning of the study protocol and adequate sample size to avoid random errors substantially influencing the results of the study. Data were collected at baseline and at two-month follow-up to determine the relationship between continuity of care and other variables of interest. Although the response rate at two-month follow-up was high (78%), non-responders might represent a limitation. This type of design is limited in its ability to draw valid conclusions on causality and runs the risk of recall bias.
Patients are the only ones who are able to experience whether care is connected and coherent over time, but self-report is dependent on honesty and that socially desirable answers are not generated. The HCCQ has proven to be a good instrument for patients after PCI in a Norwegian context, although the psychometric properties need to be further evaluated [16] . Finally, this study had a number of strengths including the large sample size and low refusal rate at two-month follow-up.
Conclusions and implications
As patients after PCI move between hospital and community, the potential for discontinuity arises, and the healthcare system needs to take more responsibility to educate and counsel patients, reconcile discharge plans and organise post-discharge services. Predictors of total continuity of care were gender, diagnosis, follow-up with GPs and sufficient consultation time. A greater focus on subgroups of patients at high risk of discontinuity and factors associated with good continuity of care are essential. Whether poor continuity leads to worse patient outcomes, including (avoidable) hospital readmissions and mortality is a path for future research. Changes are required in the structures and processes of healthcare delivery, such as implementing team structures in primary care, supportive information systems and interactive technologies. 
